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(54) Forming vitreous enamel 

(57) A method of manufacturing a vitreous enamel body comprises forming particles of vitreous material and fusing the 
particles togetlier to form the body. The particles of vitreous material are spherulized and are selected as to their 
granulometric properties according to the degree of compaction required in the finished enamel body. 

Such a finished enamel body may be a coating, for example a high-compacity enamel coating on a bathtub, or it may 
be a self-sustaining body, for example a porous vitreous filter element. Porous coalings and compact self-sustaining bodies 
may also be made. 
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PORMING VITREOUS ENAMEL 
This invention relates to a method of mano&ctiiring a vitreous enamel body 
comprising foiming partides of vitreous material and fusing the particles together to form 
die body. 

The term "vitreous material** is used herein in a broad sense and it includes glass, 
vitocrystalline and vitro-ceramic materials. Bodies of fiised vitreous enamels are used for 
various purposes. Hie body may be formed as a coating, for example a plain coating on 
sanitary ware such as baths or a plain or patterned coating on ceramic tiles, or it may be a 
self-sustaining article such as a hob of a domestic cooker. The enamel body may be 
substantially wholly compact, that is with substantially no voids, as is desirable in the case 
of enamel coatings on baths, or it may be less compact, that is, more porous. An example 
of a porous, self sustaining article is a vitreous filter element. 

There is thus a requirement for bodies of fused vitreous enamel whidi have different 
degrees of compaction, and it is an object of this invention to provide a method of 
manufacturing such bodies. 

According to the invention, there is provided a method of manufacturing a vitreous 
enamel body comprising forming particles of vitreous material and fusing the particles 
together to foim the body, characterised in that the said particles of vitreous material are 
spherulized and are selected as to their granulometric properties according to the degree of 
compaction required in the finished enamel body. 

We have found that by controlling the granulometric properties of the vitreous 
particles used for forming the body, it is possible to manufacture such bodies with various 
degrees of compaction. In general, we have found that for a high degree of compaction it 
is desirable to use vitreous particles having a rather wide size range spread, and for bodies 
with a low degree of compaction it is desirable to use vitreous particles widi a nanow grain 
size distribution. It is of course well known that in a mass of loose partides of a given 
material, the bulk density will decrease (that is, the amount of voids will increase) with 
decrease in the size range spread of those particles but it is surprising that this should be 
maintained in a body formed by a process in which those particles may all become 
completely melted. What is even more surprising is that controlling the granulometric 
properties of tiie vitreous particles gives rise to a body having a certain degree of 
compaction which is sufficiently reproducible for reliable manufacmre on an industrial 
scale. The use of spherulized vitreous particles promotes the reliability with which a given 
degree of compaction can be obtained from a quantity of vitreous particles of a given 
granulometry, and also allows the achievement of a higher degree of conipaction than can 
be achieved simply by using cmshed, non-spherulized vitreous particles. 

Spherulized vitreous particles may be formed in various ways. For exan^>le 
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partides of crasbed vitreous material may be sphenilized in a conventiOTial sphenilizing 
famace in a manner known pK_fifi. Preferably, however, the said particles of vitreous 
material are formed and sphenilized in a single step by dispersing molten vitreous material 
in bead fonn by centrifugal force. The manufacture of sphenilized vitreous particles in 
this way allows ready control of the mean diameter of the spherulized particles, and 
produces such sphenilized particles in a grain size distribution which is convenient and 
carries advantages for many of the purposes in view. Sph»ulized vitreous particles may 
for example be formed by aprocess as set out in any of British Patent Specifications Nos 
1,066,683, 1,066,684, and 1,255,968. 

When fomimg vitreous particles by a centrifogal process, it is desirable fliat the 
vitreous composition used should have a rather narrow transformation zone. The 
e3q>ression "transformation zone" is used to denote die temperature range over wWch the 
viscosity of the vitreous material lies between 1000 poise (100 Pas) and 10 poise 
(lO'* Pa s). If the transformation zone is rather wide, for example 280°C to 300X, as is 
typically the case with ordinary soda-lime window gjass, a certain proportion of tiie 
oentrifuged vitreous material tends to form fibres or tear drops. For the reliable 
production of spherulized vitieous partides it is tiierefore prefisiable that the difference 
between the temperatures at which the vitieous material has a viscosity of 1000 poise 
(100 Pas) and 10^ poise (lO'^Pas) is less tiian 250"C, preferably less than 200»C and 

optimally less tiian 150^!. 

An exainple of an enamd frit having a suitably narrow transformation zone which 
may for examplt be used for forming an enamel coating on metal articles such as bathmbs 
has die followmg calculated composition: 



B203 


29.00 % by weight 


Si02 


18.00 


Na20 


14.00 


AI2O3 


14.00 


CaO' 


12.00 


ZrOj 


9.00 


F 


4.00 



A 0ass of such a conqiosition has a viscosity-temperature curve whidi is very steep 
in die viscosity range of die transformation range as defined. The temperatine for a 
viscosity of 100 Pas is 830°C, while die temperature for a viscosity of 10 Pas is 
VeO'C. Thus die temperamre range of die transfonnation zone is quite nanow at 70°C, 
and die glass is eminenfly suitable for die formation of microbeads by a centrifugal process. 

In die most preferred embodiments of die invention, die said sphenilized particles of 
vitreous raaterial are substantially all below 800 jmi in diameter. Spheralizcd particles 
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of such sizes are most useful for fusing to foim an enamel body, and because of their size it 
is convenient to refer to Awn as "vitreous microbeads". 

Ill 8(»ne prefened embodiments of the invention, the said spherulized particles of 
vitreous material have a mean diameter between 400 pm and 500 fun. Vitreous 
microbeads of such sizes arc especially useful for forming enamel coatings on ceramic tiles. 

Li otfier preferred Mubodiments of the invention, the said spherulized particles of 
vitreous material are substantially all below 150 pm in diameter. Such vitreous 
microbeads are especially useful for forming enamel coatmgs on sanitary ware. 

The mean diameter 4> of vitreous microbeads formed by centri&ging can be 
controlled quite easily. We have found that that mean diameter (measured in centimetres) 
can be predicted by the equation: 



4» = 



q^XTi xQ 



t X C, 



where o is die surface tension (dyne/cm) and ti is the dynamic viscosity (poise) of the 
fluid vitreous material leaving a centrifuging rotor of radius R (cm) rotating at an angular 
velocity of © (rad/sec), the vitreous material having a density of p g/cm and being 
supplied to die rotor at a rate of Q cm^/sec. C is a constant. 

In order to promote the coaspacity of a body of enamel from sphendized particles, it 
would be possible to use particles of a veiy wide size range spread, die particles being 
unifomily distributed in size over tfiat range. However, to do so would in practice ravolve 
certain problems. It is not easy to arrange a spherolizing or mannfacturing process which 
win of itself yield a unifonn distribution of sphendized particles over such a very wide size 
range: applying such particles to a substrate in such manner that their size distribution over 
the area of the substrate remains uniform may not be easy: die type of coating required 
may not permit die use of particles having a very wide size distribution. 

Hie problem of achieving high compacity may however be alleviated by die use of a 
mixture of two or more fractions of sphendized particles having relatively narrow size 
range distributions but different mean diameters. In some prefened embodimems of the 
invention tiiercfore, said sphendized particles comprise a mixture of two or more different 
fractions, die particles of a first ("coanse") fraction having a mean diameter which is at 
least twice, and preferably at least fliree times, die mean diameter of a second ("fine") 
fraction. In such embodiments, die mixture of sphendized partides preferably comprises 
said fine fraction in a proportion between 20% and 40%, and optimally between 25% and 
30%, bulk volume, of die total mixture. 

In some embodiments of die invention, die difference between the mean diameters of 
die particles of such a coarae and fine fraction is hirge. This aUows, for example, die 
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fonnaiion of enamel coatings which have a slightly textured surface. Such a coating might 
be qtplied to fom a "non-slip" area on a shower-stall basin. However, beyond a certain 
ratio between Ae mean diameters of the particles of such a coarse and fine firaction, there is 
no appreciable gain in con^adty, and problems may be encountered in operation, due for 
example to segregation of the different fractions. PiefisraWy therefore, the particles of said 
coarse fraction have a mean diameter which is not more than 17 times the mean diameter 
of the particles of said fine fraction. 

The problem of achieving low compacity, that is high potosiQr, is alleviated by 
choosing the spherolized partides so that thdr grain size distribution is as narrow as 
possible, and so that tfadff mean grain size is large. 

In some piefeaed embodimrats of flie invention, the finished enamel body is a self 
sustaining article. The product of the method of die invention may for example be 
constituted as a porous body, such as a vitreous filter element, or as a substantiaUy 
non-porous body havmg a high degree of compaction such as a vitro-ceramic hob for a 
domestic cooker. 

In otiier preferred embodiments of the invention, the finished enamel body is a 
coating formed on a substrate. Such a coating may be formed on substrates of various 
materials, for example the substrate may be a ceramic such as a wash-basin or tile, or it 
may be a metal, sudi as an iron bathtub. 

To form a coating, die vitreous microbeads may be applied as a layer to die substrate 
in various ways. For example the microbeads may be appUed in a binder. Alternatively, 
such microbeads may be sqjpUed as powder onto a coating of bmder material applied to die 
substrate. Such a bmder could be organic or inorganic. The use of a binder affords 
advantages in the achievement of a uniform coating layer especially when die substrate to 
be coated is of a radier compUcated shape, as is for example die case wifli sanitary ware. 
In some preferred embodiments of die invention flierefore, die said spherulized particles of 
vitreous material are appUed as a coating layer and held in place by a binder before diey 
are fused insim. The use of a binder also allows serigraphic deposition of die microbeads 
so that apatiemed enamel lay«r can result. 

Li some dicumstances, however, die use of a bindra: can give rise to problems when 
firing die enamel. The presence of die binder might adversely affect die way in which die 
enamel fuses togedier, or residues of die binder might adversely affect die properties of die 
resulting coating. In certain odier preferred embodiments of die invention, dierefore, die 
said spherulized particles of vitreous material are appUed as a coating layer by an 
electrostatic spraymg technique and fused iajdisi. Such a technique is especially suitable 
for use when coating planar substrates such as tiles, and odier uncomplicated shapes. An 
electrostatic spraying technique does not require die presence of a buider, so any 
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problems associated with the use of a binder are avoided. 

Those skilled in the art will readily be able to determine whether the use of a bind^ 
or an electrostatic spraying technique is more appropriate for forming an enamel layer on 
any given article. 

:hiyet other onbodiments of theinv^on, the enamel body may be constituted as a 
wdd mass between two oflier bodies. Such other bodies may for example be of ceramic 
or vitreous material. Such an enamel body is also useful for joining a ceramic or vitreous 
body to a metal body. 

The invention extends to an article comprising a vitreous enamel body manufactured 
by a method as herein defined. 

Preferred embodiments of the invention will now be described by way of example 

only. 

EXAMPLE 1 

It is desired to provide a cast iron batfitub with an enamel coating. Glass is meited 
in a fumace (which may be a continuous furnace or a pot furnace) and is fed to the 
apparatus described with reference to Figures 1 to 4 of British Patent Specification No 
1,255,968. The glass has the following calculated composition: 

BjOg 29.00 % by weight 

Si02 18.00 

Na20 14.00 

AI2O3 14.00 

CaO 12.00 

Zr02 9.00 

F 4.00 
The rotating disc used had a diameter of 40 cm and it was rotated at a rate of 
2700 rpm. The temperature of the glass was controlled so that it had a viscosity of about 
5 Pa s while in contact with the disc, and the glass was fed at a rate of 10 kg per hour. 
This resulted in the formation of sphenilized vitreous particles having a mean diameter of 
about 80 ]m with a fairly wide size range spread to promote good compaction or low 
porosity in the finished enamel coating. 

The vitreous microbeads are electrostatically sprayed onto the cast iron bathtub and 
the piece is then fired at 600^*0 for 1 hour to fuse the enamel into a compact coating. 

Such an enameled bath may be subjected to an aging test conq)rising subjecting the 
bath to contact with an aqueous detergent solution for 240 hours at 60°C: the solution is 
analysed for material leached out of the enamel coating, and Ae rugosity of the coating is 
measured. An raameled bath nianufactured in accordance with this Exaniple gives hi^^ 
satisfactory results when subjected to that test. 
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In a variant of ihis Exanqde, in order faOxu to promote a high degree of compaction 
in ibt enamd coating, a mixture of fine and coarser fractions of particles was used. Hie 
rotating disc was spun at 3100 rpm in order to produce a fine fraction of sphenilized 
vitreous particles having a mean diameter of about 20 \m. The rotating disc was then 
spun at 2500 rpm in order to produce a coarser fraction of sphenilized vitreous particles 
having a mean diameter of about 120 \ua. The fine and coarser flactions were mixed 
together in the proportions 3 Utres of fine particles to 7 Utres of coarser partides. 
In a second variant, a glass of the following calculated conqposition was used: 

SiOj 52.37 % by weigjit 

NajO 12.00 

PbO 10.00 

C^O 7.00 

TiO^ 6.93 

B2O3 6.52 

Li^O 2.78 

F 1.80 

ZnO 0.54 
EXAMPLE2 

It is desired to qjply a patterned enamd coating to ceramic tiles. Vitreous material 
is melted in a furnace. The vitreous material has the foUowing calculated composition: 
SiOj 56.92% by weight 

B2O3 12.18 

Zr02 800 

AI2O3 6.82 

BaO 5.21 

Na^O 4.77 

CaO 3.00 

ZnO 1.86 

KjO 0.83 

MgO 0.19 

Fe203 0.14 

TiOj 0.08 
The melt is poured into water, or between cooled roUers, in a manner known psE_s£ 
so that the soUdified glass is fragmented by thermal shock. Fragments of the glass, which 
is opalescent, are then cmshed and spherulized in a spherolizing fumace which may be 
heated electricaUy or by flame. The resulting microbeads are screened to give a relatively 
fine fraction having diameters in the range 105 \ua to 210 jun, and a coarser fraction 
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having diameters in the range 500 jun to 840 fUn. The two fractions of microbeads 
are mixed togetficr in the proportions 23 lines of the fine fraction to 75 litres of the 
coarser fraction, and tfie mixture of those particles is then applied to the ceramic tiles by a 
serigraphic technique. The tiles are fired at lOOO^'C for 3 hours at sub-atmospheric 
pressure and under conditions to induce the formation of a crystalline phase in the enamel. 
This results in the formation of a low-porosity patterned vitrocrystaUine enamel layer on 
die tiles. 

EXAMPLES 

It is desired to form a vitroceramic hob for a domestic cooker. Vitreous material is 
melted in a fiimace. The vitreous material has the following calculated composition: 



SiOj 


69.70% by weight 


AI2O3 


17.80 


TiOj 


4.70 




2.80 


MgO 


2.60 


ZnO 


1.00 


AS2O3 


0.60 


NajO 


0.40 




0.20 


Z1O2 


0.10 


FejOg 


0.10 



The vitreous material is formed into particles and spherulized. The resulting 
microbeads are screened to give a relatively fine fraction of which at least 70% passes a 
44 pm screen, and a coarser fraction having diameters in the range 500 pm to 
840 pm. 

The two fractions of microbeads are mixed together in tite proportions 2.8 litres of 
the fine fraction to 7.2 litres of the coarser fraction, and flie spherulized particles are then 
pressed and moulded to the desired sh^, and are fused together to form the hob. 

After ftising of the enamel, cooling is controlled to achieve phase separation 
including the formation of B-spodumene which has low thermal expansion and high 
mechanical resistance. The resulting hob has better resistance to mechanical shock than a 
hob formed in the same way from unspherulized grains of the same granulometxy and 
composition, even when fired and cooled in the same way. 

In a variant of this Example, the spherulized vitreous particles are applied as a layer 
on a metal substrate to form an enamel coating. 
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CLAIMS 

1. A mefliod of manufecturing a vitreous enamel body comprising fonning 
paitides of vitreous material and fusing the particles together to fonn the body, 
characterised in that the said particles of vitreous material are spherdized and are selected 
as to their granulometric properties according to the degree of compaction required in die 
finished enamel boity. 

2. A method according to daiml, wherein the said partides of vitreous material 
are formed and sphenilized in a single stq) dispersing m<aien vitrei 

form by centrifiigal £«cce. 

3. A mefliod according to claim 1 or 2, wherein the difference between the 
temperatures at which die vitreous material has a viscosity of 1000 poise (100 Pas) and 
10^ poise (lo'^Pas) is less than 250°C, preferably less than 200»C and optimaUy less 
dian 150°C. 

4. A mediod according to any preceding daim, \i4ierein the said q>henilized 
partides of vitreous mateiial are substantially all bdow 800 Jim in dianaeter. 

5. A mediod according to claim 4, wherein the said sphenilized particles of 
vitreous matoial have a mean diameter between 400 jim and 500 jun. 

6. A method according to claim 4, wherein the said spherulized partides of 
vitreous material are substantially all bdow 150 \ua in diameter. 

7. A method according to any preceding daim, wherein said q»herulized partides 
conqttise a mixture of two or more different fractions, the partides of a first C'coarse") 
ftaction having a mean diameter which is at least twice, and preffeiably at least three times, 
the mean diameter of a second ("fine") fi»ctioiL 

8. A method according to daim 7, wherein the particles of said coarse fraction 
have a mean diameter which is not more than 17 times the mean diameter of the particles 
of said fine fraction. 



■ 
« 

-9- 

9. A me&od according to claim 7 or 8, wherein the mixtuie of sphenilized 
particles comprises said fine fraction in a proportion between 20% and 40%, and 
preferably between 25% and 30%, by bulk volume, of die total mixture. 

10. A method according to any preceding claim, wherein the said finished enamel 
body is a self-sustaining article. 

11. A method according to any of claims 1 to 9, whereip said finished enamel 
body is a coating formed on a substrate. 

12. A method according to claim 11, wherein the said sphenilized particles of 
vitreous material are sppikd as a coding layer and hdd in place by a binder before they 
are fused is^sitii. 

13. A method according to claim 11, wherein the said sphenilized particles of 
vitreous material are applied as a coating layer by an electrostatic spraying technique and 
fiised injsitUL. 

14. An article con^rising a vitreous enamel body manu£actured by a method 
according to any preceding claint 

- o O o - 
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